Activities of peroxidase, amylase and catalase were analyzed on beech (Fagus orientalis Lipsky) during one year to determine relationship between these enzymes with the period of dormancy and growing season. Results showed that amylase activity was high but catalase and peroxidase activities were low during the growing season. Peroxidase and catalase activities increased from July to November whereas amylase activity started to decrease at the same time, which means that the plants were prepared themselves to be dormant and the hardening has happened. The peroxidase maximum activity was in November, which is an important sign of dormancy and completing hardening in plant. The dormancy released from February along with decrease of catalase activity. At the beginning of growing season, correlation between amylase and catalase was increased. Amylase activity also increased gradually. No significant correlation between amylase-catalase and amylase-peroxidase activities was found at the period of dormancy. In our study, we found that the seasonal activity of enzymes such as peroxidase, catalase, and amylase, also correlation between these enzymes could be an important factor for the detection the period of dormancy and growing season.
INTRODUCTION
Low temperature is the major environmental factor limiting plant activity and production. Cold hardiness, defined as the ability of plants to withstand sub-freezing temperature without sustaining significant damage, is an important criterion to evaluate and select a species or cultivars potential development for breeding works [7] . Cold hardening and dormancy are very different from species to species or climate to climate. Studying on Douglas-fir seedling showed that cold hardening is begins the mid of July but initiation of dormancy begins in the late July to September. Full cessation of growth and cold hardiness starts as a deep dormancy at late September to the early December [6] . Also Hermann found that in the needle of Douglas-fir, cold hardening takes place in the autumn and slowed dehardening in the spring [5] .
Development of frost hardiness negatively correlates with the relative growth rates and positively correlates with the accumulation of starch and sugars. Indeed, frost hardening is a complex process linked to the carbohydrate concentration rates [4] . On the other hand, all plants metabolic variations are adjusted by physiological transformation of materials. Amylase affects on sugar supplies of plants and helps to produce energy by breaking down to light sugars and causes carbohydrate concentration decrease in plants.
Changes of metabolism and activity of enzymes such as catalase, peroxidase and superoxidase, seem to be an indicator to evaluate the end of dormancy and start of growth as described by many authors [9, 15] . Regulation of woody plants dormancy involves an interrelated series of phenomena. External low temperature and internal chemical and enzymes concentration can stop the plant dormancy. Some studies showed that low temperature could increase the H 2 O 2 content, catalase, and peroxidase activities [18] . There was a high peroxidase activity outside the grown during the periods of late autumn, winter, and early spring [8] . Mean peroxidase activity was also low during the new emergence of leaves [12] , but some studies revealed that catalase activity was highest during the middle of dormancy and decreased sharply toward the end of dormancy [13] .
The aims of this study was to examine: a) changes of peroxidase, catalase, and amylase activities during the period of dormancy and growing season of Beech (Fagus orientalis Lipsky) and b) enzyme activities that are different in the period of dormancy and growing season at three altitudes.
MATERIALS AND METHODS
Samples from beech branches were collected in a research forest (Southern Caspian Forests, 36°12′ N 52° 1′ E) at three altitudes (1100, 1500, and 1900 m). The time of sampling was 7 months from February to November in the year of 2003. Branch samples (southern aspect) from 30 individual trees with almost similar diameter were taken each determined altitudes, separately. Samples were transported to laboratory in plastic bags on ice for enzyme extractions.
Branches were extracted and prepared for measuring of enzyme activities by the following methods.
Extraction and enzyme assays
Extraction of enzymes: Twigs were cut and then digested for 24 hours by homogenizing 2 gr of tissue into 6 ml of ice-cold extraction buffer (1000 ml of solution contained 1.2 gr tris, 2 gr ascorbic acid, 2 gr Na 2 B 4 O 7 10H 2 O, 3.6 gr NaCl, 2 gr EDTANa 2 ). The homogenate was centrifuged at 27,000 gr for 20 min and supernatant was used as crude enzyme solution for assaying enzymes (Amylase, peroxidase and catalase).
Amylase assay α-Amylase activity (EC 3.2.1) was examined by measuring the reduce sugar released during the reaction, using starch as the substrate, according to the Somogi-Nelson method [10] . The reaction mixture contained 50 µl of 1/1% soluble starch in 2 mM imidazole-Hcl buffer (pH 7.0) and 250 µl of enzyme solution. The reaction was stopped hardding 100 µl denitrosalicylic acid solution (100 ml of solution contained 1 gr 3,5-dinitrosalisylic acid, 30 gr potassium sodium tarta rate and 20 ml 2 N NaOH) after incubation at various temperaturs for 1 h. The reaction mixture was then heated in boiling water for 5 min. Absorbance was measured at 540 nm after cooling in ice.
Peroxidase assay
Peroxidase activity (EC 1.11.1.7) was determined according to Ornstein [11] . The assay contained in 2 ml acetate buffer 0.1 M, 0.4 ml H 2 O 2 3% and 0.2 ml benzidin 0.01 M and 40 µl enzymatic extract. Then it was measured at 530 nm for 4 min in timing intervals 1 min. Peroxidase activity was calculated by mean activity in 4 min.
Catalase assay
Catalase activity (EC 1.11.1.6) was measured as µmol of H 2 O 2 degradation per minute by Chance and Maehly's method [1] at 240 nm with modification of 2 ml soluble (100 ml phosphate, buffer 5% M (ph 7.0), 200 µl H 2 O 2 (3%) and 50 µl enzymatic extract).
Data analysis
A Pearson correlation test was used to check the relationship between activities of peroxidase, amylase, and catalase per month distinct and during year. We also calculated the mean values of enzymes activity for 30 trees per each altitude and month, separately. The significance was determined at α = 0.05.
RESULTS
The maximum activity of peroxidase was observed in November. Activity of peroxidase was lowest at 1900 m altitude (Fig. 1A) , however activity of peroxidase was similar to catalase and decreased gradually in February, and reaching to a minimum amount in June and then started to increase. The maximum activity of catalase sharply decreased from February to April (Fig. 1B) .
Amylase activity increased from March to April (Fig. 1C) . Activity of catalase started to increase with peroxidase activity from July to November. Both increasing activities were accompanied by a large amount decreasing of amylase activity (Fig.  1C) . A peak can also be observed for all enzymes in June. Towards the end of growing season, antioxidative enzymes of peroxidase and catalase activities increased at three altitudes that relate to prevent of cold stress. In addition, activity of the enzymes displayed a typical seasonal pattern at different three altitude levels. Activities of peroxidase and catalase were found with an approximate similar pattern in trees, but amylase activity showed a various pattern especially during the growing season. Correlation analysis showed that amylase positively correlates with other enzymes from March to November, but it does not significantly correlate in dormancy period (February and November). Also peroxidase and amylase showed negative correlation with each other (Table 1 ). The correlation between amylase and catalase started to increase from February but correlation between amylase-peroxidase and amylasecatalase decreased from July to November (Fig. 2) .
DISCUSSION
The decrease of catalase activity and increase correlation between amylase and catalase from February showed that it is related to dehardening and releasing of dormancy in plant (Fig. 1B) . These results were similar to WWWW of Citadin et al. (2001) . Also the significant correlation between amylase and catalase in March seems to be a sign for the beginning of growing period. On the other hand, there was a close correspondence between increase and decrease in concentration of soluble sugars during hardening and dehardening periods, respectively [16] . The gradual increasing of amylase activity caused decreasing concentration of soluble sugars from February and reached to maximum amount during the emergence of new leaves when peroxidase activity decreased at the same time (Fig. 1C) , because an inverse relation between peroxidase and growth has been found [17] . It seems that peroxidase causes a cessation of growth while amylase has a directy relation with growth. Also amylase showed high activity during the growing season. There may be another reason for negative correlation between peroxidase and amylase which due to the period dormant plant required the changing of the alterative activities during year (Table 1) . Peroxidase and catalase activities were lowest in June, because environmental conditions such as temperature was suitable and trees did not required to antioxidative enzymes for defense against environmental stresses. The remarkable peak of peroxidase activity in November (Fig. 1A ) might be associated with dormancy through oxidative stress caused by the cold [11] . The activity of peroxidase in grapevine of roots, shoots and trunk increased at the first phase of autumn and then decreased at the last phase of dormancy period [14] . There was no significant correlation between amylase and other enzymes in November (Fig. 2) .
Hardening and dormancy of trees can be signed, completely after this turning point in November. Activity of peroxidase continuously decreased during dormancy period. This means that the cold temperature period does not cause a cold stress. Also peroxidase activity at 1900 m altitude was lower than at other altitudes in November. This means that in high altitude, starting of dormancy was somewhat earlier than at lower altitudes. Indeed, high altitude trees adapt to shorter growing seasons [2] .
There was a negative correlation between amylase and hardening activities. Amylase activity started to decrease in July. The lowest amount of amylase activity was observed in November and it was accompanied with increasing concentration of soluble sugars at the same time. Also decrease of correlation between amylase-peroxidase and amylase-catalase might be another sign of preparation to dormancy. Indeed, hardening of the plant started from July and it should be completed by February.
In conclusion, present studies prove that the changes in activity of the enzymes peroxidase, catalase and amylase can be an indicator when important endogenous changes occur. The decrease of catalase activity and increase of amylase activity in February, also increase of correlation between amylase and catalase from February can determine the end of dormancy and start dehardening. The growth of beech started in March, however increasing of peroxidase and decreasing of amylase activities is an important indicator for assessing of dormancy. This study showed that beech dormancy happens in November with an increase of peroxidase activity and a decrease of amylase activity.
We suggest that further researches require performing the study of enzyme changes at the first and end phase of growing season to understand more about the relationship between dormancy, enzyme activity changes at different steps of growing periods.
